A B S T R A C T
The negative symptoms have been described in association with schizophrenia since the early days of it being recognized as an entity. However, their elusive nature kept them unacknowledged until there was a revival of interest in them following the development of specific quantifying measures. Over the past three decades, there has been a tremendous surge in research on their types, measurements, status in the present classificatory system, and their implications. The developments in modern investigatory methods have provided the researchers with fresh insights into the underlying mechanisms, and a distributed functioning of the neuronal networks has emerged as the major abnormality. Accordingly, a variety of pharmacological and other treatment modalities have been developed which go beyond the traditional. Nevertheless, a lot remain unanswered. The present paper summarizes important concepts with regard to negative symptoms in schizophrenia.
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They appeared to be the most obvious and dramatic of all the features of schizophrenia and became the focus of the available ameliorating strategies of the day. The demonstrated success in treating these symptoms with antipsychotic medications took away the limelight from an equally basic and perhaps more important and enduring negative symptoms dimension of the illness.
Nevertheless, the negative symptoms persisted. They subsequently staged resurgence through the works of Snezhnevsky, Carpenter, Strauss, Crow, and Andreasen during 1970s and 1980s. While the negative symptoms were finally recognized as a separate symptoms dimension with its own temporal stability, cognitive aspects, and heritability, [3] the development of tools as Positive and I nitial descriptions of dementia praecox discussed at length about the lack of emotional responsivity, a loss of interest, and inability to "feel" for others in the patients, [1] recognizing this cluster of unique "absent" manifestations as an important part of the disorder. The concept of negative symptoms was subsequently introduced to psychiatry to describe this phenomenon.
However, the identification and quantification of these symptoms in practice proved to be a daunting task because of an inherent subjectivity and the obvious discomfort of the psychiatrist at identifying the "lack" of something. Instead, some easily identifiable and objective "first-rank" symptoms characterizing this disorder grouped together by Schneider [2] caught the fancy of the medical fraternity.
Negative Syndrome Scale (PANSS) [4] and the Scale for the Assessment of Negative Symptoms (SANS) [5] allowed for an accurate measurement of these. Such concerted effort led to the inclusion of the negative symptoms in the standard diagnostic criteria for schizophrenia.
THE NEGATIVE SYMPTOMS
Since the negative symptoms signify a lost function, there can be theoretically a large number of potential negative symptoms. Given the variety of cognitive, emotional, and socio-occupational deficits seen in schizophrenia, excepting defects in the domain pertaining to emotion, the rest are not defined as "negative symptoms." [6] Diagnostic and Statistical Manual of Mental Disorders Fourth Edition -Text Revision (DSM) [5] and DSM-5 [7] have enlisted and defined the negative symptoms under Criterion A5. Affective flattening, alogia (poverty of speech), and avolition (an inability to initiate and persist in goal-directed activities) have been included in the definition of schizophrenia while other symptoms such as anhedonia (loss of the ability to find or derive pleasure from activities or relationships) have been described as associated symptoms. The other international classificatory system, International Classification of Diseases (ICD-10), [8] enlists "marked apathy, paucity of speech, and blunting or incongruity of emotional responses" as negative symptoms. The National Institute of Mental Health Measurement and Treatment Research to Improve Cognition in Schizophrenia consensus panel has recently defined five negative symptoms: [9] blunted affect (diminished facial and emotional expression), alogia (decrease in verbal output or verbal expressiveness), asociality (lack of involvement in social relationships of various kinds), avolition (a subjective reduction in interests, desires, and goals and a behavioral reduction of self-initiated and purposeful acts), and anhedonia (inability to experience pleasure from positive stimuli). The current DSM-5 describes negative symptoms as "restricted emotional expression and avolition." The first term includes reduction in expressions of emotion "in the face, eye contact, intonation of speech (prosody), and movements of the hand, head, and face that normally give an emotional emphasis to speech." [7] Avolition has been defined as "a decrease in motivated self-initiated purposeful activities." Certain other negative symptoms have been mentioned and defined in the current system and include alogia, anhedonia, and asociality.
While working with the negative symptoms in schizophrenia, it was recognized early that they might originate secondary to a lot of conditions, some related directly and others indirectly to the disease under study. These included long-term institutionalization, lack of environmental stimuli, poor social support, secondary to positive symptoms, other psychiatric illnesses as depression, and exacerbations of the disease as such and even antipsychotic medications. [10] As primary negative symptoms tend to be chronic, frustrating, and extremely debilitating, this "secondary origin" is important to recognize for the simple reason of potential treatability of a number of these. Both ICD-10 and DSM-5 require the clinician to rule out the secondary causes before concluding on this. DSM-5 recommends a persistence of the symptoms for a "considerable period" of time in spite of directed efforts at resolving the underlying secondary causes to be a reliable indicator for the primacy of the negative symptoms.
Under the present classificatory systems, schizophrenia remains the only disorder described along with negative symptoms. Perhaps, this approach is rooted in history because, while describing disordered volition in patients with dementia praecox, Kraepelin [1] had simultaneously noted, and emphasized upon, an absence of this in manic-depressive psychosis. As the current evidence gradually blur the once-distinct boundary between the two entities, the exclusivity of negative symptoms in schizophrenia is questioned.
This question was answered in various comprehensive studies, showing the presence of negative symptoms in different psychotic illness, including schizophrenia spectrum disorder as well as substance-induced psychosis. A comparable level of impairment with the presence of negative symptoms was noted even in affective disorder. [11] All these now lend credibility to the proposition of a specific "deficit syndrome" by Kirkpatrick et al., existing along a trans-categorical plane, [12] and the existence of a separate subtype of schizophrenia with deficit syndrome as a prominent manifestation. [13] FUNCTIONAL OUTCOME OF NEGATIVE SYMPTOMS The advent of antipsychotic medications changed the way schizophrenic patients were treated. Amidst the ensuing euphoria of success in reducing the prevalence of positive symptoms, the psychiatrists noted that the patients' socio-occupational functioning remained muted. Thus, the spotlight turned back to the negative symptoms and the cognitive dysfunction dimensions. The "deficit syndrome" is presently estimated to have a prevalence of 15% in first-episode patients and 25%-30% in cases of chronic. [13] In another report, it has been found in 20%-25% clinical samples and 15%-20% of community-based samples of schizophrenia. [9] Although few of the negative symptoms may be found even in "normal" population, typically, the negative symptoms have been described in long-term institutionalized patients, with limited environmental stimuli. However, the current conceptualizations indicate that primary negative symptoms may predate the positive symptoms by years in an undiagnosed state. These deficits might have a deteriorating, or a fluctuating course with intermittent improvement, and are considered to be a better predictor for functional outcome than the positive or disorganized symptoms. [6] Numerous researchers have tried to look into the issue [14] of a prognostic implication of these symptoms, and a consensus has emerged in recent years regarding a significant correlation between a higher burden of the negative symptoms on the one hand and a poor performance in social interaction, interpersonal relationships, economic functioning, and recreational activities on the other hand. On a longitudinal scale, deficit syndrome and occupational functioning appear to be inversely related, with deterioration in the later as the former increased in severity. [13] A logical question that cropped up from these is whether the domain of negative symptoms behaves as a single entity, or do the subdomains have independent predictive values? Further subanalysis of the individual symptoms revealed conflicting evidence on the interrelationship between anhedonia and functional outcomes, both being favored and refuted [15, 16] in research findings. One source of this controversy appears to stem from the questionable validity of the scales used to measure the anhedonia symptoms, [17] and hence, caution is warranted in generalizing these findings. [16] Regarding amotivation and apathy, the studies revealed a positive association between these and the social dysfunction. Similarly, in patients with affective flattening, an increased severity of negative symptoms has been noted. However, no such relationship with either social skills or impaired social functioning could be found. [18] 
THE MEASUREMENT OF NEGATIVE SYMPTOMS
During the 1970s and 1980s, psychiatry saw the introduction of a number of scales specially prepared to measure negative symptoms. The major scales included the SANS, [19] PANSS, [4] Brief Psychiatric Rating Scale, [20] and the Schedule for the Deficit Syndrome (SDS). [21] A detailed discussion of the individual scales will not be considered here further, and the readers are referred to the respective references. However, a few salient points need to be mentioned in this discussion. First, while a number of dimensions were measured using these scales in an overlapping manner, they differed in defining these dimensions and thus exclusivity of definitions to symptoms remained questionable. [17] Furthermore, not all of these were meant primarily for measuring negative symptoms and rightly deviated from the same. While SDS measured the presence or absence of deficit syndrome, its utility for negative symptoms remained contentious. Similarly, later studies showed an overlap in domains measured on the subscales of PANSS, thus defining passive social withdrawal (N4), emotional withdrawal (N2), poor rapport (N3), active social avoidance (G16), lack of spontaneity (N6), blunted affect (N1), and disturbance of volition (G13) as actually measuring negative symptoms, rather than the negative symptom subscale itself. [22] Out of all of these, the SANS had been proposed to be the most comprehensive of all, [9] but a few of its subitems such as attentional impairment and inappropriate affect have been questioned for their inclusion in the definition of negative symptoms [23] subsequently.
Recent researchers have developed a number of scales to measure the negative symptoms. These include the brief negative symptoms scale -a 13-item instrument that measures under six subscales of anhedonia, distress, asociality, avolition, affective blunting, and alogia [24] and the Clinical Assessment Interview for Negative Symptoms that measures motivation, pleasure, and emotional expression. [25] The major limitation of these instruments is that they lack the extensive and time-tested validation of their older counterparts.
Investigators in the past two decades have also tried to categorize negative symptoms into relevant and valid subdomains. Foussias and Remington, [17] based on a review of the past studies, have proposed two basic subdomains, one with diminished expression, affective flattening, and poverty of speech (expressive component) and the other with amotivation, avolition/apathy, and anhedonia/asociality (involvement with the surrounding environment). When analyzed further, these two subdomains demonstrated a moderately strong interrelationship (interfactor correlation coefficients between 0.47 and 0.57) leading to speculations that these varied phenomenological manifestations might have a common underlying abnormality.
A recent study by Liemburg et al. [26] with 664 patients with schizophrenia did an exploratory factor analysis of the PANSS items after a diagnostic interview. The search yielded two-factor structure of the negative symptoms, with one consisting of affective flattening, avolition, poor rapport, mannerism, posturing, motor retardation, and lack of spontaneity and the other of emotional withdrawal, passive social withdrawal, and active social avoidance. The study findings corroborate with the recent DSM-5 [7] proposal of expressive deficits and avolition/asociality domains for negative symptoms.
BIOLOGICAL ABNORMALITIES AND NEGATIVE SYMPTOMS

Structural and functional studies
The neuropathologic origin of the negative symptoms has been postulated in various neuroimaging studies. Although different structures such as basal ganglia (particularly caudate nucleus), subcortical and right hemisphere lesions were implicated, the correlations were often found to be inconsistent. As a result, involvement of brain networks, rather than any specific anatomical structure, is proposed for genesis of these symptoms. [27] Neuroimaging studies have pointed out a myriad of both structural and functional alterations associated with negative symptoms since Crow's [3] description of Type 1 and 2 schizophrenia. A decrease in the prefrontal, especially orbitofrontal region, white matter volume along with volume loss in anterior cingulate, insular cortex, left temporal cortex, and ventricular enlargement [28] is associated with severity of negative symptoms, and this loss is found to start even before the appearance of the negative symptoms and continues with the course of illness. Similarly, reduced cerebral blood perfusions in frontal, prefrontal, posterior cingulate, thalamus, some parietal, and striatal regions have been shown to correlate with an increased negative symptom scores in the patients. [29] W i t h c o n c u r r e n t d e v e l o p m e n t s i n t h e neuroelectrophysiological method, negative symptoms in schizophrenia were found to correlate with reduced alpha power, as well as an increased delta activity in the frontal, temporal, and central regions, increased frontal theta and an increased beta (18.5-30 Hz) activity at frontal, temporal, and central electrodes in those with prominent negative symptoms as compared to normal controls. The increased low-frequency activity was thought of as a vindication for the "hypofrontality" hypothesis. [30] The increased frontal delta activity is also found in high-risk population for the development of psychotic and negative symptoms, which might be a manifestation of a reduced activity at the "nonmotor cortico-basal ganglia-thalamocortical circuits." [31] A study on specific delta wave activity using low-resolution brain electromagnetic tomography suggested that electrophysiological changes in areas such as the prefrontal cortex might be responsible for the manifestation of negative symptoms. [32] A reduced event-related desynchronization of the mu wave, apparently tapping the "social cognition" circuits, in response to biological motion has been recently demonstrated and has been found to strongly correlate with negative symptoms. Similarly, reduced gamma-band power and synchrony has been shown to be related to negative symptom in recent research work. Studies on the event-related potentials in relation to negative symptoms of schizophrenia demonstrated defective p50 gating showing the abnormal gating mechanisms operating in this condition. [33] A recent study with magnetoencephalography correlated a poor right hemispheric sensory gating in patients with prominent negative symptoms, [34] implicating the right superior temporal gyrus. Decreased N200 amplitude and abnormal P300 wave have been noted in association with the negative symptoms in a number of past studies [35] and replicated numerous times since then. In summary, the neuroelectrophysiological findings support the hypothesis of abnormal network functioning rather than particular anatomical aberrations in the genesis of the negative symptoms.
Biochemical and genetic studies
Biochemically, the origin of the negative symptoms has been inferred from the demonstrated alterations in various neurotransmitters in the affected brains. A lower plasma homovanillic acid level predicted a higher negative symptom score. [36] Based on this finding, a dopaminergic hypothesis of the negative symptoms has been proposed, where a lower cortical dopamine transmission (mesocortical pathway) gives rise to negative symptoms while an excess dopamine in the subcortical structures elicits positive symptoms. [37] Deficient noradrenergic transmission in patients with negative symptoms was based on the demonstration of beneficial effects of drugs such as imipramine. [38] Besides this, decreased cerebrospinal fluid noradrenaline level and urinary 3-methoxy-4-hydrophenylglycol (noradrenaline metabolite) level [39] commensurate with symptom severity. Reduced serotonergic transmission is also implicated for the emergence of negative symptoms, which is further bolstered by the evidence of improvement of the same by the antipsychotics with action on serotonin receptors. [12] A combined approach has been taken by Goff and Evins [40] in proposing an interaction between the cortical dopaminergic and the serotonergic system in determining the manifestation of the negative symptoms. Taking into account a similar clinical profile of reduced motor initiative and impaired performance in cognitive tasks requiring a higher level of attention, along with similar profile of abnormalities in major depressive disorder and Parkinson's disease, [29] researchers have now proposed an impaired functioning of fronto-striato-limbic circuits in the genesis of these negative symptoms.
Recent works on the neurogenesis and neuroplasticity pathways have generated special interest in their role in negative symptomatology. That neuroinflammation in adulthood might lead to the development of negative symptoms subsequently has been proposed on the basis of the finding of elevated C-reactive protein in these patients [41] and evidence of herpes simplex virus infection. [42] A study by Yoshimura et al. [39] found a reduced serum brain-derived neurotrophic factor (BDNF)-like immunoreactivity in chronic schizophrenics, probably as a result of long-standing neurodegeneration and simultaneous reparative process in the brain. As BDNF is involved in various stages of nervous system development and functioning, its involvement in various manifestations of the disorder is imperative. However, convincing results are lacking and further exploration is needed. Similarly, a hypofunctioning N-methyl-D-aspartate (NMDA) system which plays a role in the long-term potentiation and promoting neuroplasticity has been implicated in the genesis of the negative symptoms. It is hypothesized that reduced NMDA transmission, possibly in face of neuroinflammation, might be detrimental at the functional level, and supporting evidence in form of a demonstrated improvement in symptoms with NMDA agonists such as D-cycloserine are encouraging. [43] The proposal that the genetic factors are involved in the "genesis" of the negative symptoms has been supported by the results of a meta-analysis by Esterberg et al. [44] where the authors found a small but significant increase in the severity of negative symptoms in those with a positive family history. These findings also indicate a multifactorial etiology or additive influence of small genetic changes in multiple loci rather than an involvement of single gene or genetic pathway behind emergence of negative symptoms. [45] The genes related to dopaminergic transmissions (DA receptor subtypes, DA transporter, and catechol-O-methyl transferase [COMT]), related to glutaminergic transmission (NMDA receptors, NR1 subunits, and metabotropic receptors), DISC1, dysbindin, FGFR1, GSK3 β, and neuregulin1, etc., have been proposed. The rs4633-rs4680 haplotype of COMT gene was shown to be significantly associated with the overall score of negative symptoms. The folate deficiency in patients with negative symptoms intrigued researchers to look for genetic variations in folate metabolism, which led to identification of MTHFR 677T, MTR 2756 A, FOLH1 484C, and COMT 675A, to be independent and significant predictors of negative symptom severity. [46] Single-nucleotide polymorphism (rs1625579 SNP) at MIR137 involved in adult neurogenesis and neuronal maturation has been reported recently [47] to be significantly associated with the negative symptomatology, emphasizing the "abnor mal neurodevelopment" hypothesis. Another finding is a significant correlation between the Wnt (wingless)/β-catenin signaling pathway genes (glycogen synthase kinase 3 beta and disheveled 2) and negative symptoms. [48] Nevertheless, these reports are sparse and sporadic, and confirmation awaits further refinement.
NEUROCOGNITIVE AND PSYCHO-SOCIAL ABNORMALITIES
Various neurocognitive abnormalities have been definitely demonstrated in patients with schizophrenia with negative symptoms. Whether these represent overlapping dimensions is an interesting proposition. In various studies, negative symptoms and cognitive deficits have been found to correlate weakly, and no clear link between these two has been demonstrated in terms of longitudinal evolution of the symptoms. Harvey et al. [49] in their analysis of the domains based on four theoretical models concluded that negative and cognitive symptoms of schizophrenia were apparently related but potentially separable domains, proposing that either each of these symptom dimensions has a separate but related etiology or these symptom dimensions are distinct from each other, with completely separate etiologies.
Before moving on with the discussion, the interrelationship between anticipatory, consummatory pleasure, and anhedonia needs to be reviewed. Working on anticipatory (that an activity will be enjoyable) and consummatory pleasure (engaging in enjoyable activities), Gard et al. [16] found that those with schizophrenia reported significantly less anticipatory pleasure for goal-directed activities (making dinner, working/studying, etc.) compared to nongoal-directed activities such as eating and sleeping. They also found that anticipatory pleasure scale scores were significantly correlated with clinical ratings of anhedonia and impaired community functioning. Similarly, Heerey and Gold [50] proposed that motivational deficits in schizophrenia were a manifestation of an underlying impairment in the ability to convert experience into action, based on their demonstration of a deficit in the ability of the patients to behave commensurate to the motivational property of the stimulus, while in effect, they maintained an equivalent arousal ratings as of control participants. The findings suggest these individuals with schizophrenia might actually be experiencing amotivation instead of anhedonia.
On these lines, the neurocognitive model proposes a deficit in the ability to "initiate" actions by themselves while the ability to respond to and perform "stimulus-driven" actions is more or less preserved. At the heart of this deficit has been described a dysfunctional Shallice's Supervisory Attentional System [51] which fails to initiate behaviors by itself in the absence of an environmental stimulus. Studies demonstrated that patients with more negative symptoms show reduced subjective value for rewards which might be responsible for their inability to learn from positive outcome in spite of preserved ability to learn from negative outcome of an action. [52] Interestingly, these specific deficits were found to be independent of the general impairment in neuropsychological performance of the respondents, and results suggest "a complex relationship between negative and cognitive symptoms in determining goal-directed behavior in schizophrenia as well as a detrimental impact of motivational deficits in cognitive functioning." [17] From a psychosocial perspective, the negative symptoms have been conceptualized as a manifestation of an impoverished environment, lack of coherent stimulations, and ambiguous rewards. [53] It was proposed that the negative symptoms might actually be a result of persistent cognitive understimulation and elimination of pleasurable and reinforcing stimuli due to institutional care or subsistent level of existence. [6] The main drawback of the proposition is it failed to explain the occurrence of negative symptoms in persons living in apparently enriched environments as well as the lack of response to an environmental enrichment in all studied.
NEGATIVE SYMPTOMS: MANAGEMENT
Somatic strategies
The primary negative symptoms remain a frustrating and obstinate adversary for a worldwide effort at achieving a breakthrough in the management of schizophrenia. A variety of treatment proposals have been considered in the past, based on the etiological theories of the negative symptoms.
When the role of serotonin was demonstrated, for example, the agents having an action on this system attracted great fanfare. The antipsychotics with an action of this system theoretically appeared to be the wonder drugs. Amisulpride, olanzapine, quetiapine, along with newer molecules such as asenapine, paliperidone, and lurasidone [54] were tested in patient population and all demonstrated effectiveness in the studies. However, they suffered from limited sample sizes. Large-scale studies such as CUtLASS [55] failed to show any significant difference between the second and the first generation antipsychotics, in spite of the latter having only D 2 -receptor action. Hence, it can be concluded that even if the atypical antipsychotics are beneficial, the benefit is only modest. The 2009 PORT recommendations reflect these observations and acknowledge that "the level of evidence is currently insufficient to support a treatment recommendation for any pharmacological treatment of negative symptoms in schizophrenia." [56] A search for an alternative quickly suggested antidepressants. This again was in line with the proposed spectrum of neurotransmitter abnormalities noted in negative symptoms and their clinical similarities to depression. Singh et al. [57] did a meta-analysis of the available literature on 23 randomized controlled trials in this regard, with an overall sample size of 819 participants. The authors found a "justification for the use of antidepressants in negative symptoms in chronic schizophrenia." They further analyzed the efficacy of individual antidepressants and found a statistically significant role of fluoxetine, trazodone, and ritanserin while an equivocal role of mirtazapine, sertraline, paroxetine, reboxetine, fluvoxamine, mianserin, and citalopram. The number needed to treat was found to be 10 for the antidepressants as a group, 11 for fluoxetine, 6 for trazodone, and 5 for ritanserin, which appear promising and clinically useful. While one possibility remains that the benefit was actually due to an alleviation of the negative symptoms which were secondary to a primary depression in these patients, it is difficult to disentangle. There is also a possibility of increased side effects and cost of treatment when this strategy is applied in combination with the primary antipsychotic and recommends caution in such endeavors. The PORT guideline, [56] however, is less convinced, and it considers the evidence available to be insufficient for a strongly founded recommendation on this strategy.
The third approach has been the use of psychostimulants. The rationale was a proposed dopaminergic dysfunction in the mesocortical pathway and at the prefrontal cortex through D 1 -dopaminergic receptors. [37] A review of the related studies conducted between 1984 and 2011 by Lindenmayer et al. found that the results favored the adjunctive use of dopamine agonists such as amphetamine and methylphenidate for improvement of the negative symptoms under the cover of an adequate dose of antipsychotics, with an overall improvement between 37% and 67% in the symptom scores. However, a large number of studies had a small sample size, and a few did report negative to neutral improvement in overall symptomatology, [58] thus appearing to be major deterrents in recommendations for an utility or a dose range for these agents. Of course, the chances of exacerbating the positive symptoms by increasing transmission at the D 2 receptors were also very real, hence the authors emphasized that only "clinically stable patients in the nonacute phase of illness who are reliably receiving antipsychotic therapy and presenting with minimal positive symptomatology are at a relatively reduced risk for the psychotogenic effects of psychostimulants."
When the most trusted groups of psychopharmacological armamentarium failed, the researchers looked beyond. Addressing novel systems in the brain, glycine transporter 1 (GlyT1) inhibitor sarcosine (N-methylglycine) was found to be effective in reducing negative symptoms in both acute as well as chronic cases. [59] In a Phase IIb trial, a noncompetitive GlyT1 inhibitor bitopertin was found to be significantly associated with an improvement in negative symptoms and a functional improvement during the preprotocol analysis among 323 patients with schizophrenia. [60] Both these have been hypothesized to work through an interaction with the NMDA-mediated glutaminergic transmission in the brain. Similar encouraging findings involving the cholinergic system have also emerged in recent times. A Phase II double-blind, randomized, crossover trial with selective α7 nicotinic acetylcholine receptors agonist dimethoxybenzylidene anabaseine showed improvements in negative symptoms at statistically significant levels. [61] Interestingly, minocycline, a second-generation tetracycline antibiotic, appeared to attenuate negative symptoms in a 16-week double-blind, randomized placebo control trial, possibly through its primary action on the glutaminergic system as well as to antioxidant, antiapoptotic, and neuroprotective effects. [62] A number of other agents such as memantine, donepezil, dehydroepiandrosterone, ondansetron, and nutrients such as Ginkgo biloba have been used in the past to address the issue of negative symptoms. While they have mainly been validated in small trials, guidelines lack for their use based on available evidence. [59] The use of electroconvulsive therapy is controversial and not recommended for negative symptoms. [56] The role of repetitive transcranial magnetic stimulation (rTMS) in this regard has been proposed on the theoretical model of its ability to improve the excitability of the dorsolateral prefrontal cortex (dlPFC) which has been found to be hypoactive in these patients. Conclusive results lack on this strategy though Shi et al. [63] undertook a meta-analysis of the available data on this and found a strong effect size for high-frequency rTMS (10 Hz) over left dlPFC and 110% MT, the relatively small sample size remains constraint for generalization of finding. However, given the lack of other proven strategies, this appears to be a method worth exploring.
Preventive approaches
The preventive approaches to the development of negative symptoms are limited. The identification of the secondary causes giving rise to such deficits needs to be searched for thoroughly and addressed. An early intervention for the psychotic illness has also been useful in reducing the chances of developing negative symptoms longitudinally. [64] 
Psychotherapeutic approaches
The NICE guidelines [65] recommend the use of cognitive behavior therapy along with family intervention for all patients with schizophrenia. Especially for the negative symptoms, arts therapies have been recommended. The arts therapies are an umbrella term encompassing strategies that have central nonverbal components, such as body psychotherapy. A number of studies in the past [66] have found favorable outcomes with these techniques on the negative symptom domain. The guidelines recommend it in a group setting, and the strategies "combine psychotherapeutic techniques with activity aimed at promoting creative expression, which is often unstructured and led by the service user." The aims of this include improving the self-image and ways, in which the patients related to others and to improve the expressions and organization of the experiences into a coherent whole. However, the guidelines currently require a further exploration of these strategies before recommending them with an evidence base. Routine use of supportive psychotherapy, social skill training, and counseling is discouraged, as is adherence therapy; a clinician's judgment is warranted in these cases. Another useful approach is the use of environmental-stimulating strategies, such as supported employment, for an understimulation might be giving rise to the pathology. [53] 
CONCLUSION
The interest in the negative symptoms has seen a resurgence over the past three decades, and with improvements in the understanding of the mechanisms involved in their genesis, the approach to them is bound to change in the near future. The negative symptoms are presently being considered as a separate dimension of psychopathology and seem to be pervading across the categorical diagnostic classes. Rather than a single structural or neurochemical abnormality, present evidence point toward a distributed dysfunctioning of neuronal networks in the manifestations, originating at various stages of the developmental process [ Figure 1 ]. Likewise, the therapeutic approaches have moved beyond the conventional antipsychotic and antidepressant models, and the field has seen trials with novel neuropeptides, anti-inflammatory agents, [67] NMDA agonists, and rTMS. With that, newer psychosocial interventions have addressed the specific etiological models and proved effective in tackling a number of associated deficits.
The authors envision further improvements in the genetic and functional understanding, along with a refinement in the understanding of the environmental influences, which would herald a better management approach toward these symptoms.
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